Background: Triphasic waves are one of the electroencephalographic patterns that can be usually seen in metabolic encephalopathy. The aim of this study is to compare the clinical and electrophysiologic profiles between patients with and without triphasic waves in metabolic encephalopathy, and reassess the significance of triphasic waves in metabolic encephalopathy. Methods: We recruited 127 patients with metabolic encephalopathy, who were admitted to our hospital. We divided these admitted patients into two groups; those with and without triphasic waves. We analyzed the difference of duration of hospitalization, mortality rate during admission, Glasgow Coma Scale, severity of electroencephalographic alteration, and presence of acute symptomatic seizures between these two groups. Results: Of the 127 patients with metabolic encephalopathy, we excluded 67 patients who did not have EEG, and 60 patients finally met the inclusion criteria for this study. Patients with triphasic waves had more severe electroencephalographic alterations, lower Glasgow Coma Scale, and more acute symptomatic seizures than those without triphasic waves. After adjusting the clinical variables, Glasgow Coma Scale and acute symptomatic seizures were only significantly different between patients with and without triphasic waves. Conclusions: We demonstrated that patients with triphasic waves in metabolic encephalopathy had more significant impairment of the brain function. (Korean J Clin Neurophysiol 2014;16:15-20) 
Introduction
Metabolic encephalopathy encompasses a diverse array of systemic conditions that result in global cerebral dysfunction in the absence of structural brain injury. 1 The major causes of metabolic encephalopathy are organ failure, electrolyte abnormalities, endocrine abnormalities, nutrition deficiencies, sepsis, toxins, and withdrawal states. 1 Triphasic waves are one of the electroencephalographic (EEG) patterns, which can be usually seen in metabolic encephalopathy. 2 The morphology of triphasic waves is medium to high amplitude (100-300 μV) with large positive sharp waves followed by small negative components. 2, 3 The frequency of triphasic waves is usually 1.5 to 2.5 Hz, often occurring in clusters, and a fronto-occipital lag may be present. 2, 4 Although triphasic waves are frequently predominant in the frontal regions, they are occasionally at its maximum in the posterior regions. 3, 5 These waveforms were initially believed to be specific for hepatic encephalopathy. 3, 4 However, they can also be seen in patients with other metabolic encephalopathies, including uremia, sepsis, hypoxia, or hypoglycemia. 2, [4] [5] [6] Even in non-metabolic or structural disorders, such as craniopharyngioma, thalamic glioma, pontine infarction, meningeal carcinomatosis, Binswanger disease, multifocal lymphoma, and Alzheimer dementia, triphasic waves are rarely observed. 4, 5, 7 The mechanism underlying triphasic waves remains unknown, but abnormal oscillatory discharges between cortex and thalamus were suggested. 8, 9 The previous studies have reported a poor prognosis of triphasic waves in metabolic encephalopathy. 5, 10 However, the association between triphasic waves and other clinical, electrophysiologic profiles were not determined by the previous studies.
The aim of this study is to compare the clinical and electrophysiologic profiles between patients with and without triphasic waves in metabolic encephalopathy, and reassess the significance of triphasic waves in metabolic encephalopathy.
Methods
This study was conducted with an approval of the Institutional Review Board at our institution. This casecontrol observational study was performed retrospectively in a single tertiary hospital, serving a population of approximately 400,000 individuals. From our hospital database, we recruited 127 patients with a diagnosis of metabolic between the two groups. Patients with triphasic waves had more severe EEG alterations, lower GCS, and had more acute symptomatic seizures than those without triphasic waves.
After adjusting the clinical variables, multivariable analysis
showed that GCS and acute symptomatic seizure were the only independently significant variables ( Table 2 ). The risk of having GCS ≤ 10 was at least 6 times higher in the patients with triphasic waves than those without triphasic waves, and also the risk of having acute symptomatic seizures was at wider angle between the second and third phases of triphasic waves. [12] [13] [14] In addition, GPEDs can have phase reversals and polyspikes, whereas triphasic waves have fewer phase reversals and polyspikes. 12 Response of waveforms to stimulation is another useful way to discriminate triphsic waves and GPEDs. Triphasic waves increase with stimulation such as auditory, visual, and noxious method, whereas GPEDs are not influenced by external stimuli. 13 The differences can be also clarified on the clinical ground. In contrast to GPEDs, patients with triphasic waves usually do not recover mental deterioration after administration of benzodiazepine. 14 Triphasic waves are not epileptiform discharges, and seizures are not generally associated with triphasic waves. 15 However, one of the most interesting findings in our study was that acute symptomatic seizures were more common in patients with triphasic waves than those without triphasic waves. We don't know exactly why acute symptomatic seizures are more common in patients with triphasic waves, but we believe that patients with triphasic waves may have more impaired brain function than those without tripahsic waves. We scored all patients according to the GCS, and the GCS was significantly lower in patients with triphasic waves than those without tripahsic waves. Therefore, our study suggests that patients with triphasic waves have more deteriorated consciousness than those without triphasic waves, and we could suppose that patients with triphasic waves have more impaired brain function. In addition, existence of periodicity on the EEG also suggests severe brain impairment in patients with triphasic waves. The terminology of the periodicity may be applied to the waves occurring in sequence at an approximately regular rate or intermittently regular intervals. 16 The periodicity represents a profound disruption of electrophysiological rhythms and indicative of significant acute or subacute brain impairment. 16, 17 The pathophysiologic It has been reported that triphasic waves indicate a poor prognosis. 5, 10 However, our study showed that the mortality rate was not different between the patients with and without triphasic waves, but the etiology was the most important prognostic factor for the mortality rate. The mortality rate was higher in uremic and hypoxic encephalopathy, and lower in septic and hyponatremic encephalopathy, whereas none of the patients with hepatic, hypoglycemic, and drug induced encephalopathy died during admission in this study. It was a consistent finding that the patients with hypoxic encephalopathy had a particularly poor prognosis, 10 and our study also showed that not only hypoxic encephalopathy, but also uremic encephalopathy had a poor prognosis than other metabolic encephalopathy.The mortality rate of this study was about 30%, which is relatively high for the patients with metabolic encephalopathy. A plausible explanation for this finding may be selection biases. This study was conducted in a single tertiary referral hospital which was one of the largest hospitals in our city. Thus, our patients comprise a group with very severe metabolic encephalopathy. They had a poor general condition, and usually had several co-morbid diseases.
A previous study demonstrated that slowing of the brain activities was proportional to the severity of the brain dysfunction. 20 Consistent with the previous study, all of the patients with triphasic waves in our study revealed a tendency to more severe alterations of EEG, but multivariate logistic regression showed that the severity of EEG was not a significant variable associated with triphasic waves.
There are several limitations to these findings. First, this study was retrospectively conducted with a small sample size. Second, we initially studied 127 patients with metabolic encephalopathy, but only 60 patients were included and analyzed. The most common etiology of the patients excluded from this study was typical hepatic encephalopathy, in whom no further evaluation for diagnosis was needed using EEG. Third, we used the duration of hospitalization and mortality rate during admission as a prognostic marker, but these markers could be affected by other factors, such as patient's economic state, co-morbid diseases, or propensity of physician. More suitable markers for prognosis may be We demonstrated that patients with triphasic waves in metabolic encephalopathy had lower GCS, and more frequent acute symptomatic seizures, reflecting more significant impairment of the brain function than those without triphasic waves.
